Detailed knowledge of the status and productivity of stocks has been the primary focus of fisheries management in order to maximize resource extraction. Ironically, maximum extraction is usually constrained only by the most optimistic stock scenarios from detailed single species models. This has led to degradation of marine ecosystems because natural variability and effects on nontarget species have not been adequately considered. Furthermore, the very act of gathering knowledge about ecosystem degradation has the potential to cause further damage due to the systemwide scale of fishery management experiments. However, a strategic approach for identifying trade-offs and risks of management experiments can simultaneously optimize knowledge-gathering, conservation goals, and economic sustainability.
Introduction
Bottom trawling occurs throughout broad areas of the sea floor despite a historically poor understanding of its effects on stocks and ecosystems. It is an anthropogenic disturbance (sensu Pickett and White 1985) in that it removes existing organisms, disrupts ecosystem structure and function, creates new (less occupied) space, and changes the physical and chemical environment. It is exotic in that it is new to the system in character, magnitude, frequency, or scale (sensu Sousa 1984) . The ecological effects of bottom trawling were poorly known until a recent surge of interest in the topic (see NRC 1994 , Dayton et al. 1995 , Auster et al. 1996 , NPFMC 1998 , Auster 1998 , Kaiser 1998 , Lenihan and Peterson 1998 , NRC 1998 , Thrush et al. 1998 . Although certain organisms may become more abundant as the result of bottom trawling in some settings (Engel and Kvitek 1998) , the default assumption in fisheries management should be that bottom trawling adversely affects marine ecosystems.
Troublesome population trends in the Bering Sea have raised questions about causative links between fishing practices and ecosystem integrity (Bakkala 1993 , Ackley et al. 1994 , Apollonio 1994 , Loher et al. 1995 , NRC 1996 , NMFS 1999 . Despite documented changes in the Bering Sea species composition, current fishing practices are defended by those citing lack of demonstrated relationships between fishing and ecosystem degradation. The default assumption in fisheries management, even in the purportedly progressive North Pacific region, has been that adverse effects of fishing do not exist without demonstrated causation.
Several authors have pointed out the error of this assumption, and that such thinking goes against logic, science, and the public interest (Underwood 1990 , Dayton et al. 1995 , Dayton 1998 . These authors conclude that the burden should be on the users of a public resource to prove that the effects of human activities are negligible, rather than on the public to prove that these activities cause harm. Furthermore, the current (erroneous) default assumption of "no effects when none are demonstrated" violates the Code of Conduct for Responsible Fisheries (FAO 1995) and the precautionary approach as outlined in the United Nations Conference on Straddling Fish Stocks and Highly Migratory Fish Stocks (United Nations 1996; also see review by Garcia 1996) .
Fishery managers are beginning to consider the needs of non-target ecosystem components in the decision-making process (e.g., Fritz et al. 1995 , Hollowed et al. 1997 , thus challenging the classical notion of "surplus production" and recognizing that any removal is a loss to the system. Consideration of nontarget components of ecosystems, has existed as policy since 1980, when the Convention on the Conservation of Antarctic Marine Living Resources (CCAMLR) called for "ecosystem management" of Antarctic living resources. The principle that species do not exist in isolation is highlighted in Peterson's (1996) outline of the Sustainable Biosphere Initiative of the Global Ocean Ecosystems Dynamics program. In the Bering Sea, authors continue to urge that fishery management be based on whole ecosystem considerations (Smith 1995) .
A corollary to the shift from the "surplus production" paradigm to the notion that removal of production decreases population resilience (and ecosystem integrity) along a continuum is that anthropogenic disturbances modify natural disturbance regimes and presumably change the resilience of populations of organisms adapted to them. It follows that superimposing anthropogenic disturbance regimes over natural disturbance regimes (see Norse 1990, Watling and Norse 1998 ) increases stress and degradation of "natural" biotic assemblages along gradients of change, rather than beyond particular thresholds.
Experimental management programs can be designed for optimum conservation, knowledge generation, and economic and cultural sustainability, even before decision makers adopt appropriate logic and burden-of-proof regarding fishery and marine resources. In their review, McAllister and Peterman (1992) argued for the implementation of formal decision analysis, which we provide herein. Huppert (1996) discussed how risk assessment, formal decision models, and risk communication through collaboration can lead to political acceptance of appropriate precautionary measures.
Prior to these authors, Walters (1986) suggested that the management objectives learning and risk-aversion (conservation) are in conflict and therefore should be balanced, in his discussion of adaptive management and feedback policy design. He argued for probing, active adaptive management (experimentation) by employing ranges of conservative through aggressive exploitation to maximize learning (decrease uncertainty) in a feedback policy design framework (also see Sainsbury 1991) . By actively probing, managers accept risks to a resource on behalf of the public in order to maximize learning to better achieve management objectives in the future. Walters again (1997) implied an obligate trade-off between knowledge gathering and conservation, based on the belief that "... manipulative experiments always increase at least some ecological risks...."
We diverge from Walters on this point. Learning is sometimes not in conflict with conservation objectives (Okey, in prep.) . Highly informative and powerful experiments can be designed using protective treatments (without using treatments that increase extraction or disturbance). This can lead to effective knowledge gathering as well as minimization, even elimination, of ecological risks. A good example is the use of trawl closures, or spatial reserves, in Australia within an experimental context (Smith 1996) . An important role of resource managers is to identify situations wherein probing on the aggressive (stressing) end of the experimental continuum is not necessary or appropriate for achieving learning and conservation goals.
The purposes of this paper are to (1) propose general systematic criteria for choosing an appropriate type of experimental management regime by identifying trade-offs, decision points, and risks of experimental actions, (2) present an example of an experimental management design for Bering Sea bottom trawling, and (3) present an approach for evaluating the effects of trawling within an ecosystem, or "interaction web," context (sensu Wootton 1994 , Menge 1995 .
Methods
We used a working framework to develop criteria for choosing the appropriate type of experimental management for optimizing conservation, knowledge, and sustainability in a given situation. This framework defines experimental and ecosystem-based management, and distinguishes between precautionary and unconstrained experimental management.
Working Framework for Experimental Management
Experimental Management "Experimental management" means the experimental study of the effects of human activities on an ecosystem (resources use) and the effects of different management regimes on resource use and the ecosystem. Adaptive management entails adaptive modification of management through feedback from monitoring of environmental trends associated with the management, but it does not necessarily denote experimental manipulation, controls, replication, and a priori hypotheses. (Note: Walters [1986] made this distinction using the terms "actively adaptive" and "passively adaptive," but the more explicit "experimental" is preferred here; Walters and Green (1997) have now focused on the logical merits of "deliberate experimentation.") Experimental management is more likely to elucidate causative interactions than adaptive management, though both have the potential to address the values and goals of society through conservation, knowledge-generation, and economic and cultural sustainability.
Ecosystem-Based Management
Ecosystem-based management is the management of human activities (sensu Lotspeich 1998) based on the default assumption that human actions influence all components of a naturally dynamic ecosystem regardless of whether these influences are intentional or deemed biologically significant. This approach departs from single-species fisheries management where concern is focused on the effects of particular fishing regimes on the status and trends of the targeted population or species complex. The effects of human activities are likely to ripple beyond the targeted species, changing ecosystem services elsewhere in the system. In ecosystem-based management, the indirect effects of human activities are explored and considered when making decisions about human interactions with public resources. The need for ecosystem-based management assumes that societal values and goals can be met only by considering these indirect effects; and that more narrowly focused resource exploitation is likely to degrade ecosystems and their services in unpredictable ways.
Precautionary Experimental Management vs. Unconstrained Experimental Management
Experimental management consists of actions, but since these are often actions on preexisting actions (e.g., taking action to change the character of the act of fishing) they can result in either more or less human interaction with an ecosystem. Experimental treatments themselves can be destructive (De Wreede 1985, Foster and Sousa 1985) , underscoring the conflict between knowledge gathering and conservation (as well as goals of economic and cultural sustainability). Destructive treatments can be referred to as "stress treatments" in experimental fisheries management. In "unconstrained experimental management," the ecological strain, degradation, or risks associated with stress treatments are deemed acceptable because the knowledge gained provides an increased potential for management success and stewardship in the long term. In "precautionary experimental management," however, stress treatments are deemed inappropriate because the degradation, strain, or risks, are deemed to outweigh their knowledge gathering benefits. A design without stress treatments might provide less knowledge in the short term but a high likelihood of conservation benefits.
In fisheries, there is sometimes no conflict between information-gathering and conservation goals because experimental treatments that limit or remove fishing activities from plots and leave fishing practices unchanged in other areas are left with at least two treatments (fishing and fishing removed). Such an experiment provides both knowledge and conservation benefits, if they occur on appropriate scales with sufficient replication and measurement. Increased replication is a main reason that the notion of marine protected areas is compelling in an experimental context, in addition to the need for ecological baseline controls. Walters (1997) points out that some sensitive species have become reliant on modified habitats and thus adversely affected by restoration, but such reliance is probably rare in marine settings proper.
The alternative situation is one in which conservation goals are in conflict with knowledge-gathering. These are experiments in which damaging human activities are increased or introduced into new places or times to gain information about ecosystem function. Stress treatments (i.e., destructive treatments) are common in marine ecological studies, but these manipulations are undertaken on scales much smaller than system-wide. In these cases, researchers and permitting agencies deem their adverse effects to be small enough and ephemeral enough that the knowledge-gathering benefits outweigh any degradation caused by the experiment (Pers. comm., Mike Foster, Moss Landing Marine Laboratories, Moss Landing, CA 95039, Nov. 1996).
On a fisheries-wide scale, however, such unconstrained experimental management has the potential to do irreversible damage to a system, as in the case of endangered marine species like Steller sea lions. The decision criteria proposed in these guidelines will help managers design programs for optimal knowledge-gathering while preventing degradation of ecosystem integrity and helping to spare such species from the plight of right whales (remnant populations), white abalone (near extinction), Steller's sea cows (extinct), and great auks (extinct).
Decision Criteria for Experimental Management
The following decision criteria provide a systematic approach for managers and the wider public to implement ecosystem-based, experimental management (precautionary vs. unconstrained). The criteria are intended to guide decisions regarding experimental management actions. These criteria are qualitative general guidelines for broadly different situations. The least arbitrary way to use them is to develop and specify quantitative threshold values for each criterion based on the characteristics of the particular management situation (Shaeffer and Cox 1992) . However, the criteria can also be used in their qualitative form during informal evaluation of management situations. Precautionary experimental management designs should be considered when one or more of the following criteria is true (managers may wish to modify this critical number, e.g., two or more of the criteria):
1. Critical (vs. non-critical) situations: If endangered species or remnant habitats could be stressed.
2. Low relative proportion of remaining resource: If the amount of remaining resource is a small proportion to that of estimated pristine levels.
3. Low degree of knowledge about biotic associations: If the knowledge of biotic associations is inadequate to predict indirect effects on interdependent species.
4. Limited reversibility: If there is a low potential for reversibility of ecological changes caused by management experiments.
5. Low resiliency: If the degree of resiliency in the resource is considered low. Figure 1 shows a flow diagram of the decision framework for determining the appropriate type of experimental management. In addition, the following principles should be used when implementing ecosystembased, experimental management programs:
1. Experimental management should be designed for simultaneous accomplishment of conservation, management, and scientific goals whenever possible.
2. Experimentation should focus on the effects of human activities since we have management control over human activities only.
3. The most positive conservation benefits of the experimental management should be directed towards the most likely explanation of (hypothesis for) degradation.
4. Manager/designer should assume the existence of causative relationships between ecosystem degradation and all reasonable hypotheses, until the hypotheses are removed from the conceptual model through rigorous testing.
An Example: Effects of Bottom Trawling on the Bering Sea Ecosystem

Setting
The predominant bottom types in the Bering Sea are sand, mud, and cobble, though rocky substrate exists along the Aleutian chain (McMurry et al. 1984) . The presence or absence of biogenic substrate, such as filamentous bryozoans, erect colonial ascidians, erect sponges, and tubicolous polychaetes, is also a feature of the Bering Sea floor. These bottom types and oceanographic features create complex and dynamic mosaics of physical habitats. The biotic assemblage in a particular setting is not only influenced, and determined, by physical habitat, but the organisms also influence a habitat, adding an additional layer of complexity to a complex mosaic of marine habitats. "Biogenic structure" is the sum of the physical and chemical habitat structure created by organisms. In this example we mean the structural attributes of sessile, attached, benthic invertebrates. The habitat structure created by organisms is easiest to picture with sessile benthic organisms like gorgonian corals, sponges, bryozoans, tunicates, or sea pens. Removal of biota changes the habitat for other populations. Many organisms are adapted to the habitats provided and modified by particular organisms, but such biotic associations have been described in only a few cases in the Bering Sea. Habitat is modified by many mobile organisms such as gelatinous plankton, sunken drift vegetation, crabs and sea stars, burrowing clams and rays, and walruses and whales. In turn, these mobile biota are directly or indirectly dependent on the habitat that sessile benthic organisms help create.
Management experiments designed to understand the effects of trawling on the Bering Sea floor must account for natural disturbance regimes. It could be predicted that regular trawling in a naturally undisturbed setting would cause a shift from a species-rich assemblage including longlived and large-bodied species, sessile species, and complex biogenic structure, to a species-poor assemblage of abundant, small-bodied, mobile opportunists, where less biogenic structure exists. Removal of bottom trawling in such a habitat may enable recovery to the species-rich state, depending on long-term habitat modification, species interactions, recruitment, and neighborhood effects. Nevertheless, opinions about recovery are mere speculation until trawling is experimentally excluded from areas of the Bering Sea.
History of Bering Sea Trawling
Trawling has removed over a million metric tons of biomass, on average, from the eastern Bering Sea system every year since the 1960s. Foreign vessels dominated the fisheries from the 1950s through the 1970s, until the Magnuson Fisheries Conservation and Management Act in 1976 phased them out and "Americanized" the fishery (Bakkala 1993) . The extensive distribution of bottom trawling effort can be inferred from catch-per-unitof-effort (CPUE) geographical information system maps in Fritz et al. (1998) . Other efforts are currently under way to reconstruct historical patterns of trawling and to begin unraveling the effects of trawling in the Bering Sea and the Gulf of Alaska (reviewed in NPFMC 1998).
Applying the Criteria
A range of management (conservation) problems exists in the Bering Sea, from declining populations of endangered species, such as Steller sea lions, to concerns about essential fish habitat degradation. Thus, step one of our criteria, recognition of the problem (Fig. 1) , is often clear to managers, albeit not to all stakeholders. The Steller sea lion issue has a single species focus, yet is clearly connected to broader-ecosystem dynamics (humans included), and would be an appropriate example to use here. However, a multispecies attribute of the system is even more illustrative of an ecosystem approach. Thus we use "biogenic structure" as the assessment endpoint to which we will apply the five criteria in Fig. 1 to determine the appropriate type of experimental management design.
In knowledge-poor situations, the five criteria should be applied qualitatively by managers using a weight-of-evidence approach, but some situations will allow development of quantitative threshold values for some criteria (discussed above). Any of the criteria can lead to a precautionary design, but having affirmative answers from more than one criterion adds additional weight to the decision for a precautionary design.
Is the Situation Critical?
Managers may consider that the answer to this question for biogenic structure is ambiguous, as there are no long-term control areas (areas with no historical bottom trawling) with which to compare current conditions.
Proportion of Resource Remaining
The answer to this is also somewhat ambiguous, because of the lack of historical controls in the Bering Sea and the limited studies there.
Knowledge of Biotic Associations
Associations with structure-producing benthic organisms in the Bering Sea are poorly known. The unequivocal low answer leads to precautionary experimental designs, and away from the use of unconstrained (stressing) designs. Some may view this as counter-intuitive, as precautionary designs can hinder the pace of knowledge-gathering. Nevertheless, low answers should lead to precaution because the scale of destructive treatments may have unpredictable systemic consequences.
Reversibility of Experimental Effects
The reversibility of destructive treatments needs to be considered (Roy 1996) . Reversibility can be measured in terms of time, abundance, community structure, measures of physical structure, or all of these. Precautionary designs are required if reversibility is deemed low.
Current Resiliency of Resource
Resiliency is perhaps the most difficult criterion to measure. However, the notion of a continuum of life history strategies from opportunistic to "stable-state" is widely accepted. Notwithstanding intraspecies plasticity (shifts in these strategies within species) and the notion that ecological resiliency is somewhat dependent on neighborhood effects (larval sources), organisms can, and commonly are, rated based on where they occur along this "r-K" continuum. We suggest that the resiliency of a species or assemblage can be judged based on these considerations-opportunistic assemblages are generally more resilient to destructive experiments. The most direct way to determine community resiliency is to monitor the trajectory of recovery in replicated, large-scale closed areas. In cases of ambiguity, as in criteria one and two in this example, proper placement of the burden-of-proof leads to a precautionary experimental design. In addition to leading us to precautionary experimental management designs, application of these criteria to our "biogenic structure" example has repeatedly led us to the need for an experimental design that includes closed areas, i.e., marine protected areas (MPAs). Establishment of MPAs, in an experimental context, is the best way to address four out of five of the questions posed by the criteria. Furthermore, no-take MPAs are necessary to address whole-ecosystem questions in an experimental context. To design an experimental management regime for "biogenic structure" using MPAs in the Bering Sea, it is necessary to identify and describe the existing protected areas (Fig. 2) .
Inspection of Fig. 2 reveals four areas in the Bering Sea in which trawling is closed year-round (but the Steller sea lion protection area includes many small trawl exclusion zones around rookeries)(also see map in NPFMC 1996), and there are five additional "areas" that are seasonally closed to bottom trawling. Other types of fishing can occur in trawl exclusion zones. Currently, there are no areas in the Bering Sea designated as year-round "no take" MPAs. In this paper, we suggest that establishment of no take MPSs in an experimental context is needed to help reveal the effects of fishing in general, as well as the status of biogenic structure in the Bering Sea. We also point out that spatially explicit analytical tools are now available to help develop optimal experimental management designs.
Discussion
We agree with Walters (1986) that inclusion of full ranges of treatments in management experiments will result in the maximum knowledge gain. We also agree that such knowledge can help enable future success in fisheries management, including ecosystem protection. However, we explicitly distinguish protective treatments from stress treatments and suggest that it is sometimes inappropriate to include stress treatments in experimental management designs, in fisheries, primarily because experiments are conducted on a large enough scale to do considerable damage to a species, or an ecosystem. Indeed, it is the large scale of management experiments in fisheries that enables a high potential for learning, but the lack of adequate or true replication is a common shortcoming of fisheries management experiments that combines with other constraints to prevent the detection of real trends and processes in marine systems, in which dynamic changes are shaped by multiple factors.
Highly informative management experiments can be designed that have protective conservation effects only, and are truly replicated, through the use of management tools like marine protected areas. Some proponents of marine reserves focus on their "hedging" function as a way to address uncertainty (Fujita et al. 1997) . They are careful to make the distinction between minimizing uncertainty through expensive data collection and hedging against uncertainty simply by setting areas aside. The emphasis of this argument is not on knowledge-gathering, but rather, on avoiding the need to understand the details of nature and exhaust the elusive dollars available to fisheries science (also see Ludwig et al. 1993 , Lauck 1996 , Walters 1998b , Lauck et al. 1998 , Sumaila 1998 ). The underlying assump-Nearshore Bristol Bay Closure Area: (1996) prohibits all trawling at all times within the area east of 162ºW longitude with the exception of an area bounded by 159º to 160ºW and 58º43′N that would remain open April 1-June 15. Closure established to protect juvenile red king crab habitat.
Chum Salmon Savings Area: (1994) closed to all trawling August 1-31 with provisional extension to October 5 to reduce bycatch of chum salmon in groundfish trawls.
Bristol Bay Red King Crab Area: (1995) closed seasonally to nonpelagic trawling to protect red king crab population and habitat.
Pribilof Islands Habitat Conservation Area: (1994) closed yearround to all trawling to protect and rebuild blue king crab stocks, marine mammals, seabirds, and prey species. tion of this approach is found in our working definition and guidelineshumans can control human activities (sometimes), but they cannot control nature. This argument also assumes that constraints on our knowledge of ocean processes are real, or expensive, or really expensive. We agree with this argument for MPAs, but we suggest that scientists and managers will not have purchased conservation at the cost of knowledge. Incorporation of marine reserves in experimental management designs will likely increase knowledge for reasons of replication and, potentially, ecological baseline-a critically important, and often missing, element in marine science. Furthermore, myriad questions about the structure and function of marine ecosystems can be addressed with a combination of precautionary experimental management, using marine reserves, and new whole-ecosystem analytical techniques like Walters' (1998a) Ecospace simulation routine, which utilizes balanced trophic models of whole ecosystems. Such combinations of new analytical techniques and experimental programs can allow optimal learning (CCAMLR 1985 , Walters 1986 , Walters and Collie 1989 , Sainsbury 1991 , Wootton 1994 , as well as optimal ecosystem protection. Walters and Green (1997) recently developed a systematic valuation approach to treatment choices in experimental management designs. Their accounting framework is designed to provide a widely useful approach to ". . . improve management performance" by making it easier for stakeholders to reach consensus on experimental management options, but these authors repeatedly point out the glaring problem of uncertainty in long-term valuation trajectories. The approach we outline in the present paper is based on general ecological criteria and the premise that the absolute value of an ecosystem component inherently exceeds its quantifiable aspects (due to the practical impossibility of knowing everything). Ours is a far simpler approach than that of Walters and Green (1997) . Our basic criteria approach is useful for choosing one of the two categories of experimental management designs we outline. We suggest the Walters and Green (1997) valuation approach be reviewed once a basic design category has been chosen, but decision makers should be alert that such approaches attempt to encompass only certain values in ecosystems.
Quantitative threshold values, which we advise managers to develop for the criteria we present, should be viewed as decision making conveniences rather than having ecological meaning beyond revelation of detectability thresholds. In reality, the effects of environmental stressors (anthropogenic or natural) are cumulative and, although responses to stressors can be non-linear and interactive (Underwood 1989) , they contribute to complex and dynamic gradients of system degradation and integrity rather than manifesting real threshold effects. The notion of cumulative effects gradients has been discussed for decades (Woodwell 1975 ), but it is only now replacing the often-delusional "threshold effects" paradigm embraced by classical fisheries science and toxicology (see Roberts 1997 , Carls et al. 1999 , Rice 1999 . Therefore, although the goal here is to develop ecologically based criteria for determining experimental management designs, it should be recognized that social and economic factors will contribute to the development of the criteria, and to any "threshold values" designed to operationalize those criteria (Shaeffer and Cox 1992, and others) .
Unconstrained experimental management programs have been undertaken on species of known sensitivity to overfishing and known degraded status such as Pacific ocean perch (POP; Sebastes alutus). These stocks were intentionally overfished with participation by the commercial fishing industry for a specified period to gain information on stock dynamics and population estimates Collie 1989, Leaman and Stanley 1993) . Results of this experiment were ambiguous for several reasons that typify some of the constraints of large-scale fishery experiments: (1) the measurement endpoint species (POP) would not be expected to respond quickly relative to the length of the experiment; (2) sampling was somewhat inconsistent, as data collection was partially allocated to commercial fishermen; (3) sampling was not rigorous enough to track changes in POP stocks; (4) replication was low and unequal (one closed area, three quota areas, and three free fishing areas); and (5) treatments were not spatially independent of one another.
This particular experiment would be unlikely to pass the currently proposed criteria for unconstrained experimental management, as it was a depleted and declining stock that was likely below 20% of virgin spawning biomass, and presumably had "unnaturally" low resiliency to additional population stress (e.g., overfishing) (Fujita et al. 1997 ). Within our framework, experimental programs for this species would be constructed within a precautionary experimental management framework wherein treatments would be limited to those that limit or remove fishing effort rather than adding effort. In this case, this would have meant a simpler, and perhaps more statistically revealing, experimental management design with only two treatments (closed areas, and status quo areas) and higher replication of experimental units. Indeed, when such designs are implemented with marine reserves, they have revealed dramatic impacts of MPAs around the world (e.g., Rowley 1994; Paddack 1996; Russ and Alcala 1996a,b) .
Many authors are now calling for establishment of MPAs as a means to achieve ecosystem-based management, usually in a context of rigorous experimentation (Edyvane 1993 , Clark 1996 , Peterson 1996 , Walters et al. 1998 . Indeed, tremendous interest in marine protected areas is being generated within the scientific community (Murray et al., In prep.) . The establishment of MPAs can serve numerous purposes including experimental treatments and learning. Many other authors have called for fishery managers to move away from a strict fishery production approach towards a habitat-based, ecosystem approach (Wilson et al. 1994 , Jones et al. 1996 .
The National Marine Fisheries Service and the Federal Fisheries Management Councils in the United States are now required to identify, describe, and protect essential fish habitats in federally managed waters. Many other countries are initiating similar habitat-based approaches to sustaining marine resources. The dilemma of defining and identifying essential fish habitat with extraordinarily limited information about these ecosystems threatened to render the protective goals meaningless, as some resource users advocated policies that incorrectly placed the burden-ofproof for the need for habitat protection on this limited scientific knowledge (see Dayton 1998) . One logical irony of such policies is that they decrease opportunities for learning about marine ecosystems, as they continue to be degraded by fishing in ways that are difficult to elucidate without MPAs.
Auster and his colleagues (1997) re-framed the debate with a decision framework in which existing knowledge, however limited, is used with the precautionary approach to designate MPAs, from which new knowledge is generated to modify and refine management actions. These authors correctly stepped back from the discussion about the collection of scientific information for achieving mandated habitat protection, while formulating a management regime that achieves both simultaneously.
The present contribution elaborates on the logical process for determining the appropriate type of experimental management regime for gathering information that is ultimately needed for improving management, similarly pointing out that ecosystem knowledge gathering occurs simultaneously with resource conservation when experimental treatments are protective. The distinction between "unconstrained experimental management" and "precautionary experimental management" will become more important as ecologically sensitive situations become more conspicuous throughout the world's oceans.
Ultimately, the information used for marine resource management must come from sampling and experimentation in the real world. However, ecosystem modeling has reached milestones of usefulness such that considerable learning and some functional predictability is available. We suggest that ecosystem modeling should accompany management experiments throughout their development and implementation to best understand resulting biological changes in an ecosystem context. Whole-ecosystem, trophic flow models (Polovina 1985, Christensen and Pauly 1992) , such as Ecopath, have been constructed all over the world (Christensen and Pauly 1993) , including Prince William Sound (Okey and Pauly 1999) and the Bering Sea (Trites et al. 1999) . Indeed, several authors have promoted the integration of experimental management with ecosystem modeling to optimally study and manage particular marine settings (CCAMLR 1985 , Walters and Collie 1989 , Sainsbury 1991 , and Walters (1986) presented a framework for such integration. New dynamic temporal and spatial simulation routines-Ecosim and Ecospace-are examples of tools that enable informed policy planning, ecosystem-based analyses of management experiments, and hypothesis formulation (Walters et al. , 1998 Walters 1998a) . Ultimately, such empirically based ecosystem models of may help us unravel questions about resilience and stability of ecosystems (Holling 1973 , Pimm 1984 , 1991 , Vasconcellos 1997 as well as helping us develop indices of biotic integrity (Karr 1981) for whole ecosystems (Okey, In prep) .
